Trichogramma wasps (Hymenoptera: Trichogrammatidae) are egg parasitoids commonly employed in augmentative biological control releases against a variety of mainly lepidopteran pests. By exploiting the mechanism by which the endosymbiotic bacterium Wolbachia induces parthenogenesis in this genus, we created a set of completely homozygous Wolbachia-infected recombinant isofemale lines (RILs), each consisting of a different combination of the genome of two well-characterized lines of Trichogramma pretiosum Riley. We subsequently use 16 of these RILs to investigate the effect of genetic variation on various measures associated with offspring production under laboratory conditions. Unsurprisingly, substantial differences were found between the RILs in their propensity to parasitize hosts, the number of hosts they parasitize, and the levels of mortality in their offspring. Such measures can be used to choose an optimal line for biological control purposes. A method was also developed to characterize the 16 RILs using their allelic state at five loci. Essentially, this binary system uses high-resolution melt analysis to resolve identity at each locus, with alleles originating from either the grandmaternal or grandpaternal line, and is such that each RIL can be distinguished from each other RIL by their allelic state at one or more loci. The method facilitates the easy diagnosis of line origin when two or more lines are competing with each other in competition assays, allowing for the design of more complicated tests of parasitoid quality. Future field experiments will determine which genetic line performs best under more realistic biological control conditions. The fact that these lines are infected with parthenogenesis-inducing Wolbachia will allow for prolonged rearing without appreciable change in their genetic makeup, which should lead to a predictable biological control performance.
Introduction
In augmentative biological control, large numbers of natural enemies are released for the control of pests generally at a defined time and/or in a controlled environment. The specific circumstances under which these natural enemies are to be released should enable us to select for genetic lines that are capable of working well under these particular conditions. In general, examples of genetic improvement of natural enemies used for biological control are scarce (but see Wilkes, 1947; White et al., 1970; Hoy, 1976) and this is often in stark contrast to the agricultural crops in which they are employed, where selection of specific plant lines and hybrids has long been practiced. The likely explanations for this lack of selection effort in biological control are manifold, and include: (1) genetically improved lines cannot be protected by a patent; (2) in augmentative biological control lack of performance can be compensated for by increasing the release numbers; and (3) consumers of these natural enemies do not have a simple way of determining the quality of the natural enemies they pay for. These factors combined have resulted in few efforts to select natural enemies for optimal biological control.
In biological control using parasitoid wasps, only females provide the 'service' of killing host insects. As such, some effort has been given to ensuring a higher production of female offspring. In all parasitoid wasp species, the sex ratio of the offspring is controlled by the mother: she can either fertilize an egg resulting in a daughter, or leave the egg unfertilized resulting in a male (i.e., arrhenotoky). Several host traits are known to influence the mother's decision to produce a son or a daughter. For some species, female offspring are produced on larger hosts, whereas males are produced on smaller hosts (Charnov et al., 1981) . In other species, the main driver of offspring sex ratio is the number of females finding a particular patch of hosts, resulting in a very female-biased sex ratio if only a single or a few females find the patch, whereas if many females are present the offspring sex ratio will be balanced (Hamilton, 1967) . Thus, by supplying the proper environment for the parasitoids, mass rearing can be directed to favor the production of more females.
For about 30 years we have known that in many parasitoid wasps, complete parthenogenetic reproduction (thelytoky), in which virgin females produce daughters, is caused by infection with microbial symbionts. Several symbionts are known to cause thelytoky. Cardinium (Weeks et al., 2001; Zchori-Fein et al., 2001) and Rickettsia (Hagimori et al., 2006; Giorgini et al., 2010) have been implicated in a few cases but by far the most prominent is Wolbachia (Stouthamer et al., 1993) . In most thelytokous species, sexual reproduction ceases to take place, either because males can no longer be produced or, if males are produced, the females no longer fertilize their eggs (Stouthamer et al., 2010) . The exception to this pattern is a genus of minute egg parasitoids, Trichogramma (Hymenoptera: Trichogrammatidae), which are often infected with parthenogenesis-inducing (PI) Wolbachia. The PI-Wolbachia infection studied in Trichogramma species causes a modification of the first mitotic division of the unfertilized egg, so that two identical copies of the maternal chromosome set fuse, to form the genome of the resulting diploid, completely homozygous daughter (Stouthamer & Kazmer, 1994) . In Trichogramma, low levels of PI-Wolbachia are found in populations of many species, whereas in other populations the PI-Wolbachia infection has gone to fixation (Huigens & Stouthamer, 2003) . In the populations with a low PI-Wolbachia infection frequency, sexual reproduction is still common between males and PI-Wolbachia-infected females (Stouthamer & Kazmer, 1994) . When sperm fertilizes an egg, the fertilization somehow supersedes the effect of the Wolbachia and the resulting offspring is an infected female with a set of chromosomes from each parent. When such biparental females subsequently reproduce as virgins, under the influence of Wolbachia, they produce a series of completely homozygous diploid female offspring, each of which has a different combination of their grand-parental genomes. Experimental lines derived from such females are referred to as recombinant isofemale lines (RILs) (Lindsey & Stouthamer, 2017a) and -barring chance mutation -can be maintained without genetic change indefinitely. This can be a great advantage for biological control applications because the quality of such lines will not decline through drift or by selection to mass-rearing conditions (Woodworth et al., 2002) .
Trichogramma wasps are minute parasitoids (<1 mm long) that lay their eggs in the eggs of moths and butterflies. Wasps of this genus are used on a large scale for the biological control of eggs of moths and butterflies. In Europe, the main use is for timed releases against the European corn borer, Ostrinia nubilalis (H€ ubner) (Bigler, 1986) . Similarly, in China Trichogramma are used against the Asian corn borer, Ostrinia furnacalis (Guen ee) (Wang et al., 2014) , and in South America, Trichogramma are used on a large scale in several crops including vegetables, sugarcane, maize, soybeans, and cotton (Parra & Zucchi, 2004) .
Here, we use females from a long-established 'insectary line' of PI-Wolbachia-infected T. pretiosum, which, given the opportunity, will fertilize their eggs at a low frequency (Lindsey & Stouthamer, 2017a) . These 'insectary' females provide a maternal source which we mate with males from an arrhenotokous line collected from California, USA. Virgin hybrid daughters from this cross are then used to create a large number of genetically distinct RILs, and we test their fitness in terms of offspring production in the laboratory. In addition, we develop efficient methods to assign line identity of individuals using high-resolution melt (HRM) curves, for application in future competition experiments to determine the 'best' line for specific biological control applications. (Lindsey et al., 2018) .
Materials and methods

Maintenance of
The Insectary line was used as the maternal line and CA-29 as the paternal line in the first set of crosses (parental crosses, P; Figure 1 ). Twenty replicate crosses of a virgin female from the Insectary line with a virgin male from CA-29 were performed. Mating was enabled by confining the partners in small 1094 mm glass vials closed using a rubber stop. Mating was observed under a dissecting microscope. Females that successfully mated were transferred to a 12975 mm glass culture tube and allowed to parasitize an egg card for 48 h. Mothers were then removed and the egg cards were maintained under colony conditions awaiting offspring emergence. The offspring (F1) from these egg cards consists of two types of infected daughter (Figure 1) : homozygous ones that are identical to the Insectary line (resulting from unfertilized eggs), and heterozygous ones that have a set of chromosomes from both the Insectary and CA-29 parents (resulting from a fertilized egg). All F1 offspring were isolated in the pupal stage to ensure virgin status, and after emergence they were transferred to a glass culture tube with an egg card (Figure 1 ). Egg cards were kept under colony conditions and after 48 h each F1 female was killed in 100% ethanol, and her zygosity was determined according to Lindsey & Stouthamer (2017a) . We discarded all egg cards containing the offspring of homozygous F1 mothers. However, the egg cards of heterozygous F1 mothers were retained and the offspring were again isolated in culture tubes at the pupal stage. Upon emergence, these 'recombinant' F2 females were supplied with an egg card. In this way, we generated a total of 156F2 females, each of which was used to establish a RIL ( Figure 1 ). Of these RILs, 16 were selected for further study (see below).
Marker development for competition assays
To compare how different RILs fared in competitive trials, markers were sought that would provide a unique profile for each of 16 RILs, thereby allowing us to determine the identity of any offspring when two or more of these RILs were placed in competition. Any locus where the Insectary and CA-29 genomes differ has potential for this purpose, but each locus has only two possibilities, the Insectary allele or the CA-29 allele. Thus, a single locus can only provide a unique identity for two lines. However, we wanted the ability to quickly distinguish each RIL from each of the other 15. In order to test four RILs in multi-way (2-, 3-, or 4-way) competitive assays, two loci would be the minimum required if those lines have the respective genetic profiles II, IC, CI, or CC (where 'I' stands for the allele of the Insectary line at that locus and C for the allele of the CA-29 line). For distinguishing 16 RILs in multi-way competitive assays, a minimum of four markers is required (2 4 = 16). However, the offspring resulting from any possible pairwise combination of RILs can be diagnosed using just the single locus that varies between the paired RILs.
To minimize the cost and time required to diagnose (potentially) thousands of offspring, markers were sought for which we could distinguish the various alleles using HRM curves (Rugman-Jones & Stouthamer, 2017 ). This method is based on the principle that short stretches of DNA that differ in their sequence (i.e., different alleles at the same locus), will melt in a highly predictable pattern. PCR amplicons are generated in the presence of a fluorescent intercalating dye (such as EvaGreen), and on completion of the PCR, the now fluorescent amplicon is slowly heated. As the amplicon starts to melt under influence of increasing temperature, the EvaGreen is released and no longer fluoresces. The change in fluorescence emitted by a reaction is subsequently visualized as an allele-specific melt curve (Rugman-Jones & Stouthamer, 2017) .
Eight 'preliminary' loci were chosen by comparing genomic sequences of the two parental lines (Lindsey et al., 2018) , three of which were subsequently discarded because a diagnostic assay could not be designed to 'exploit' the differences (data not shown). The five loci retained (arbitrarily named Locus 1, 2, 3, 4, and 5) included: one microsatellite locus (the A9 locus used to determine zygosity), three loci based on known exonic single nucleotide polymorphisms (SNPs), and one fortuitous locus of unknown status, a non-specific amplicon produced at a lower annealing temperature (50 vs. 58°C) by primers originally designed to estimate copy number of the wingless gene (Lindsey & Stouthamer, 2017b ; see Table 1 ). Although this locus has not been robustly characterized, its amplification and melting profile are consistent for the CA-29 and Insectary lines, and it therefore works under the context of a neutral diagnostic marker (see Figure 2 ).
High-resolution melt analysis
Loci were amplified on Qiagen's Rotor-Gene Q 2-plex HRM platform in 20 ll reactions containing 19 HOT FIREPol EvaGreen HRM Mix (Solis Biodyne, Tartu, Estonia), 2 ll template DNA, and 500 nM of each primer. Reaction mixtures were held at 95°C for 15 min, and then cycled as follows: 95°C for 20 s, 50°C for 20 s, and 68°C for 20 s for 35 total cycles. Immediately following amplification, a melt analysis was conducted. PCR products were held at 75°C for 90 s and then heated in 0.2°C increments Table 1 High-resolution melt (HRM) loci primer sequences. Unless otherwise stated, primers were designed by ourselves using the webbased software Primer3 (Untergasser et al., 2012) Accession numbers from the I5K Trichogramma pretiosum genome annotation reported in Lindsey et al. (2018) , and available at the 'BCM-HGSC' website (https://www.hgsc.bcm.edu/arthropods/parasitic-wasp-t-pretiosum-genome-project) and at the National Agricultural Library (https://i5k.nal.usda.gov/Trichogramma_pretiosum).
to a final temperature of 92°C. Reactions were held for 5 s at each temperature increment before fluorescence was measured. Non-template controls were included in all HRM runs. The resulting melt curves were visualized using the Rotor-Gene software and diagnostic differences in the position and/or shape of the curves were recorded (Figure 2) . A total of 50 RILs were tested to identify 16 lines that differed in their genetic makeup in such a way that any pairwise combination of lines could be distinguished from each other using just a single marker. The allelic pattern at the five loci for the 16 selected RILs is shown in Table 2 .
Preliminary assessment of recombinant isofemale line fitness in isolation
Twenty virgin females from each of the 16 RILs were confined individually in 12975 mm glass culture tubes stopped with cotton. Females were provided with an egg card streaked with honey, and maintained under colony condition. Over the course of the next 10 days, females were moved to a new vial containing a fresh egg card every 48 h (total of five egg cards). All egg cards were retained and maintained under colony conditions and emerged wasps were removed daily until no additional wasps emerged. The numbers of parasitized eggs that did not Figure 2 High-resolution melt (HRM) curves for five selected HRM loci. The dotted lines indicate replicate CA-29 samples, the solid gray lines are replicate Insectary samples. Change in fluorescence level with respect to per-unit increase in temperature (dF/dT) is plotted on the y-axis. In HRM, the temperature at which a double-stranded PCR product (or a significant stretch of it) melts, coincides with a large release of the intercalating dye, and therefore a large change in fluorescence, which is subsequently reflected as a peak. The horizontal light gray line in each panel represents an arbitrary fluorescence threshold that can be adjusted by the software user to assist with interpretation of the HRM curves (but does not affect the curves).
hatch were also recorded. As host eggs on the egg card become dark after parasitation, this is easily facilitated by examining egg cards under a stereo-microscope. Assessment of the reproductive fitness of the various isofemale lines was split into three components: (1) does the female parasitize any host eggs? (2) If so, how many? And (3) of those, how many survive to become F1 daughters? These three variables were investigated separately for the entire 10-day duration of the experiment, and also for just the initial 48 h. Previous studies have shown that Trichogramma are rarely capable of parasitizing hosts beyond 6 days post-release (Kazmer & Luck, 1995) , and that the majority of released individuals survive for less than 3 days (Mansfield & Mills, 2002) .
All statistical analyses were performed in Stata/IC v.13.1 (StataCorp, College Station, TX, USA). We first assessed differences between RILs in the numbers of 'successful' (parasitized 1 or more host eggs) and 'unsuccessful' (parasitized no host eggs) females using a chisquared test. Subsequently, we assessed variation in the number of host eggs parasitized by successful females from the various RILs using a non-parametric KruskalWallis test. Differences between pairs of RILs were identified post-hoc with a Dunn's Test, using a Bonferroni correction for multiple comparisons (Dinno, 2014) . Finally, since successful parasitization does not always result in an emerging offspring (important for maintaining a mass rearing), the null-hypothesis that all 16 RILs would have identical egg-to-adult survival rates was tested with a generalized linear model with a binomial error and logit link function. The number of offspring that reached adulthood was the dependent variable (with the number of parasitized host eggs representing the number of trials) and RIL was the independent variable. Pairwise comparisons were also performed using the 'pwcompare' command with Bonferroni adjustment for multiple comparisons, providing a more focused (and arguably more powerful; Hsu, 1996) test for differences between each pair of RILs.
Simple competition experiment between lines
Following the preliminary assessment, two pairs of lines were chosen to be tested against each other in competition assays (RIL-1 was paired with RIL-5 and RIL-8 was paired with RIL-12). These lines were chosen in order to pair a high-producing line with a low-producing line. A single virgin female (0-24 h post-emergence) from each of the competing RILs was paired in a 12975 mm glass culture tube, containing a honey-streaked egg card, and allowed to parasitize the same egg card for 10 days under colony conditions. At the end of that period, the two potential mothers were removed and the egg cards were maintained to allow complete offspring emergence. Offspring were counted and their parentage determined using HRM as described above: RIL-1 vs. RIL-5 using Locus 1 and RIL-8 vs. RIL-12 using Locus 1 (Table 2 ). Fifteen replicates were performed for the first pairing (RIL-1 vs. RIL-5) and 20 for the second pairing (RIL-8 vs. RIL-12). The numbers of offspring derived from females of the two RILs were compared using two-tailed t-tests. Figure 3) . Also, the numbers of host eggs subsequently parasitized by 'successful' females varied among RILs (Kruskal-Wallis test: v 2 = 54.98, d.f. = 15, P = 0.0001). Dunn's test of multiple comparisons revealed that 10 of 120 pairwise comparisons were significantly different following Bonferroni correction, all involving one or more of the lines 5, 6, 8, and 9 (Table 3, Figure 4) . Finally, among the RILs the average proportions of parasitized eggs surviving through to the emergence of the adult offspring ranged from around 0.62 to 0.87 ( Figure 5 ). Although the overall GLM was non-significant (odds ratio = 0.9982, z = À0.30, P = 0.76), pairwise comparisons revealed that 28 of 120 comparisons were significantly different (Table 4) , with RILs 6 and 12 having particularly high adult offspring emergence and RIL 8 having particularly low emergence ( Figure 5 ).
48-h fitness.
As previous studies have shown that field releases of Trichogramma are typically short-lived (Kazmer & Luck, 1995; Mansfield & Mills, 2002) , we also examined variation among the RILs over just the first 48 h of the study. As at 10 days, differences between the RILs in the proportion of females that successfully parasitized any eggs were also evident after only 48 h (v 2 = 47.73, d.f. = 15, P<0.001; Figure 3) Figure 4 ). Offspring survival to adult emergence during this initial oviposition period followed a somewhat similar pattern to that measured over 10 days ( Figure 5) . Again, the overall GLM was non-significant (odds ratio = 0.9889, z = À1.19, P = 0.23), but pairwise comparisons revealed that only 10 of 120 comparisons were significantly different (Table 4) , with RILs 8 and 11 both having significantly lower emergence than RILs 4, 6, 7, 10, and 12 ( Figure 5 ).
Competition assays
In assays competing RIL-1 with RIL-5, both females in each pairing (n = 15) produced at least one adult offspring, but the latter always accounted for the majority of the resulting offspring -RIL-1 vs. RIL-5: 3.60 AE 0.36 (mean AE SE) vs. 25.67 AE 2.65 (t = 8.260, d.f. = 28, P<0.0001). In the second assay, competing RIL-12 with RIL-8 (n = 20), all but two RIL-8 females produced at least one adult offspring, but again RIL-12 (27.40 AE 2.42) always strongly outperformed RIL-8 (2.75 AE 0.38) (t = 10.080, d.f. = 28, P<0.0001). 
Discussion
In this study, we created fixed genetic variation across isolated parthenogenetic lines of T. pretiosum to robustly test the effects of genetic variation on laboratory fitness. Using 16 RILs, each a unique mix of genes from two well-characterized parental donor lines (Insectary and CA-29; Lindsey et al., 2018) we showed that genetic variation affects: the propensity (or ability) of females to parasitize host eggs, the numbers of host eggs females subsequently parasitized over an initial 48-h and extended 10-day period, and the likelihood that their offspring will reach maturity.
In two instances, the mix of genes had a strong adverse effect on the propensity (or ability) of females to parasitize host eggs compared to the other RILs tested. In RIL-1 and RIL-8, only 35 and 50% of females parasitized even a single host egg. This seems particularly low, since in each of the other 14 RILs, 70% or more of the females successfully parasitized hosts. Interestingly, both RILs were also used in our competition assays, and in that instance, although they each parasitized relatively few eggs, almost all of the females tested did parasitize at least one host egg (RIL-1: 15/15, RIL-8: 18/20). The only real difference between the individual and competition assays is the presence of Table 3 Pairwise comparison of the numbers of host eggs parasitized by successful females from 16 recombinant isofemale lines (RILs) (see Figure 4 ). Dunn's multiple comparisons test with Bonferroni correction conducted in Stata v.13. Separate analyses were conducted on parasitization over the entire study period (10 days; below the diagonal) and a shorter initial period (48 h; above the diagonal) R I L 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 n s n s n s n s n s n s n s n s n s n s n s n s n s n s n s 2 ns ns ns ns ns 0.028 ns ns ns ns 0. 001 ns ns ns ns 3 ns ns ns ns ns 0.008 ns ns ns 0.041 <0.001 ns 0.050 ns ns 4 n s n s n s n s n s n s n s n s n s n s n s n s n s n s n s 5 n s 0 . 0 0 6 0 . 0 2 1 n s n s n s n s n s n s n s n s n s n s n s n s 6 ns ns ns ns ns ns 0.045 ns ns ns ns ns ns ns ns 7 n s n s n s n s n s n s 0 . 0 0 1 0 . 0 0 4 n s n s n s n s n s n s n s 8 n s n s n s n s <0.001 0.002 ns ns 0.006 0.001 <0.001 ns 0.001 ns ns 9 n s n s n s n s 0 . 0 0 1 0 . 0 2 3 n s n s n s 0 . 0 2 4 <0. another wasp, given that in each case we provided an excess of host eggs in which to oviposit. In addition, the two assays were temporally distinct and conducted using different batches of host eggs. Although experimental females were maintained under constant temperature and light:dark conditions, it is possible that the host eggs may have varied in quality, effecting their acceptance by the wasps for oviposition. An alternative possibility is that oviposition in females from these RILs was somehow stimulated by encountering another female.
Among females that parasitized host eggs, over the entire 10-day duration of the experiment there were significant differences between the RILs in the numbers of hosts those females subsequently parasitized, with RIL-5 being particularly fecund. This might suggest that RIL-5 would be a good choice for augmentative biological control releases. However, such extended fecundity is perhaps an unrealistic predictor of field performance, as it is unlikely that released wasps will stay alive long enough to realize this potential (Kazmer & Luck, 1995; Mansfield & Mills, 1 n s n s n s n s n s N s n s n s n s n s n s n s n s n s n s 2 n s n s n s n s n s n s n s n s n s n s n s n s n s n s n s 3 n s n s n s n s n s N s n s n s n s n s n s n s n s n s n s 4 n s n s n s n s n s N s <0.001 ns ns <0.001 ns ns ns ns ns 5 n s n s n s n s n s N s n s n s n s n s n s n s n s n s n s 6 0. Recombinant isofemale line-12 also fares much better than RIL-5 in terms of the survival of its offspring to adulthood. Parasitoid offspring survival is not necessarily a prerequisite for an actual augmentative biological control release, provided a host dies as a result of being parasitized. However, offspring survival is a key factor when considering the efforts (and therefore costs) required to rear a parasitoid prior to release. A genetic variant that produces low numbers of adults for the next generation will require greater resources than one that produces relatively high numbers of surviving offspring.
Our findings highlight the potential dangers of relying on just a single quality measure. Assessment of the RILs using just one of our laboratory predictors is unlikely to result in the choice of the 'best' line and, depending on the aims of the biological control program, multiple predictors better inform the decision process. For example, for augmentative biological control, the desire is to have a parasitoid that, on release, will parasitize (and therefore kill) the maximum number of pests (in this case host eggs). Actual survival of the parasitoid offspring post-release is of little importance to the success of the release. However, no matter how good a genetic line is at parasitizing hosts, if it suffers relatively high offspring mortality, it will require proportionally greater resources to mass rear prior to release, and so, will be more expensive to produce. Thus, in selecting a line for rearing, we really want a genetic variant: that has a high propensity to parasitize the host target, that has a high early rate of parasitization, and that's mass rearing is facilitated by a relatively high rate of offspring survival. In this respect, RIL-12 would be a good choice. Eighty-five percent of RIL-12 females parasitized the host eggs, and were subsequently found to have the highest median levels of initial-48-h parasitization (third highest over 10 days), and suffered low levels of offspring mortality. In contrast, RIL-8 should be avoided, with its low propensity to oviposit, the lowest 48-h and 10-day parasitization, and high offspring mortality.
Our two preliminary competition assays went in favor of the best RIL as predicted by their performance in the individual assays, based on the numbers of hosts parasitized. However, these assays were more a test of our HRM typing method and so were very simplistic in their design. By providing a single patch with an excessive number of hosts, we have not tested traits like host-finding behavior/ability, an obvious factor in field releases where eggs are likely to be both limited in number and patchily distributed. Future experiments will involve creating a more variable 'landscape' that requires searching for limited numbers of eggs. Earlier experiments by Coelho et al. (2016) indicated that for the inbred arrhenotokous T. pretiosum lines they used, the field performance correlated with the laboratory performance. The ultimate test of our set of RILs will be to compare their performance in a more realistic setting such as the field or a greenhouse.
The HRM method that we have developed to identify individuals from the 16 RILs, allows us to compete varying numbers of RILs at any one time. Competing two lines against each other under field conditions should give the simplest method to determine which one is best. If we use this 'playoff' model, the first round would consist of eight competition experiments, the second of four, the third of two, and a final experiment. In each of these competitions, we would only need to run one single HRM locus to determine the identity of the offspring. Alternatively, all 16 lines could be competed simultaneously, but we would then need to run five HRM loci per individual in order to determine their line identity. Assuming we would run a standard number of offspring per competition (n), the playoff model would require a total of 15 experiments with a total of n9(8 + 4 + 2 + 1)91 = 15n HRM runs, whereas the 16 line experiment would require a single experiment with n91695 = 80n HRM runs. Depending on the cost of the HRM runs and the cost of the field experiments, an optimal solution could be determined.
In conclusion, the method laid out here provides a way to identify the 'best' line from a set of genetically different lines in their performance for inundative biological control where the release conditions are predictable. The use of infected RILs allows for reaping the benefits of the all-female reproduction: less chance of genetic change over time, as no genetic variation is present within lines, and deleterious mutants are unable to 'hide' in the heterozygous state, thus being selected out in a short time.
